Abstract. Space-time spectral analysis of satellite data is an important method to derive a synoptic picture of the atmosphere from measurements sampled asynoptically by satellite instruments. In addition, it serves as a powerful tool to identify and separate different wave modes in the atmospheric data. In our work we present space-time spectral analyses of chemical heating rates derived from Scanning Imaging Absorption SpectroMeter for Atmospheric CHartographY (SCIAMACHY) hydroxyl nightglow emission measurements onboard Envisat for the years 2002-2006 at mesopause heights.
Introduction
Planetary scale long-period atmospheric wave modes in the mesosphere/lower thermosphere (MLT) have been reported in the literature for several decades. Most observations refer to one of the following three classes of waves. First, there are strong tidal signals at periods of 1 day or shorter. The second class of waves are equatorial waves in the latitude region of about 20 • S-20 • N. Mostly the observed equatorial waves are eastward propagating Kelvin waves, having periods between about 10 days and 1-2 days, but also westward propagating Rossby-gravity waves are observed in the tropics and subtropics with periods between 1.5 and 2.5 days and zonal wavenumbers 1 and 2 (Garcia et al., 2005) .
The third class of waves are longer period waves mostly observed at mid-and high latitudes. For this third class of waves the observed periods can be attributed to mainly four different intervals. The first interval ranges from about 1.9 to 2.2 days, the so-called quasi-2-day wave. The second interval covers the range from about 4-7 days. Those waves are usually called 5-day waves. The third interval covers about the range 8-11 days and is called 10-day waves. And finally, the third interval ranges from about 11-22 days, commonly denoted as 16-day wave.
Quasi-2-day waves are mostly observed at westward propagating zonal wavenumber 3. This wave mode is often attributed to the (3,0) Rossby-gravity mode of the atmosphere. Quasi-2-day waves are a phenomenon of the summer hemisphere in the mesosphere but they can also penetrate across the equator in the mesopause region and above (Palo et al., 1999) . The 5-day waves, 10-day waves and 16-day waves propagate westward, are usually observed at zonal wavenumber 1, and are often attributed to the (1,1), (1,2), and (1,3) Rossby normal modes of the atmosphere (e.g. Salby, 1984; Luo et al., 2002) .
Many observations of longer period waves (periods longer than 1 day) at low and mid latitudes are reported from ground based stations (e.g. Coy, 1979; Jacobi et al., 1997; Riggin et al., 1997; Namboothiri et al., 2002a,b) , as well as from satellite data sets (e.g. Luo et al., 2002; Limpasuvan and Wu, 2003; Garcia et al., 2005; Riggin et al., 2006) . The observation of global scale waves from satellites has the advantage that the whole spatial structure of the wave modes can be studied. In addition, global observations can help to understand the whole global picture of wave activity and the physical processes involved. Effects of great importance for the global circulation are, for example, the modulation of gravity waves by planetary scale waves (e.g. Manson et al., 2002) . Another field of interest are the interaction of longer period waves with solar tides (e.g. Palo et al., 2007; Salby and Callaghan, 2008) .
One problem inherent in Earth observation from satellite platforms in low Earth orbit is the asynoptic nature of the measurement pattern. Therefore special methods have been developed to derive space-time spectra from the asynoptically sampled data (e.g. Hayashi, 1980; Salby, 1982a,b; Wu et al., 1995) . In the space-time Fourier spectra the different wave modes can be identified by their characteristic frequencies and zonal wavenumbers.
With these space-time Fourier techniques frequencies of up to 1 cycle/day (periods of about 1 day or longer) can be resolved unambiguously if satellite data are available for both ascending and descending parts of the satellite orbit (Hayashi, 1980; Salby, 1982a,b; Wu et al., 1995) . The situation is different if data are available only for the descending or, as is the case for the SCIAMACHY hydroxyl nightglow data, only for the ascending part of the satellite orbit. In this case only frequencies of up to 0.5 cycles/day (periods of about 2 days or longer) can be resolved unambiguously.
In our analysis we investigate the spectral signatures of planetary scale waves with periods between about 2 and 30 days in chemical heating rates derived from SCIA-MACHY hydroxyl nightglow data as well as in SABER temperature data derived from 15 µm CO 2 infrared limb emissions. Aliasing effects in the SCIAMACHY spectra due to the fact that nightglow data are only available for the ascending part of the satellite orbit as well as effects due to SCIAMACHY sampling irregularities will be identified by comparison with the SABER spectra.
In Sect. 2 we describe how chemical heating rates can be derived from OH nightglow emissions. In Sect. 3 the spacetime Fourier method used to derive space-time spectra for both SCIAMACHY and SABER data is briefly introduced. In Sect. 4 the resulting space-time spectra are discussed. Effects caused by differences in the SCIAMACHY and SABER sampling patterns are investigated in Sect. 5 by sampling the SABER analyses with the SCIAMACHY measurement grid. Finally, in Sect. 6 we summarize the results and draw some conclusions.
SCIAMACHY hydroxyl nightglow emissions and chemical heating rates
The importance of chemical heating for the energy budget of the mesopause region has been demonstrated, for example, by Brasseur and Offermann (1986) . The chemical reaction of atomic hydrogen and ozone producing vibrationally excited hydroxyl
is the main source of heat in the altitude region between 83 and 90 km (e.g. Mlynczak and Solomon, 1991; Riese et al., 1994) . Hydroxyl vibrational modes up to v=9 are excited and the OH molecule radiates strongly through vibrationrotation transitions. In this region, the OH(v) abundance is up to 10 times higher during nighttime than during daytime. Therefore we concentrate on the nighttime measurements of hydroxyl nightglow made by SCIAMACHY. The latitude coverage of the nighttime data is between about 50 • S-20 • N and 10 • N-80 • N depending on season and the various calibration measurements carried out during the night. More details about the SCIAMACHY observations of nighttime OH emissions can be found, for example, in von Savigny et al. (2004) and Kaufmann et al. (2008) , and an instrument description can be found in Bovensmann et al. (1999) .
From nighttime hydroxyl emissions chemical heating rates were derived for the H+O 3 reaction (see Kaufmann et al., 2008) . Figure 1 shows the latitudinal variation of the heating rates derived for 87 km altitude for the period [2002] [2003] [2004] [2005] [2006] . Heating rates are maximum at the equator and have another maximum at mid latitudes. In addition, annual and semiannual variations can be clearly identified. This work will however focus on shorter term variability due to planetary scale waves with periods from about 2-30 days. Our analyses are based on space-time Fourier analysis (see Sect. 3). From Fig. 1 it can be seen that the latitude coverage of the SCIAMACHY data used for this analysis varies strongly during the 4-5 year period considered. This has the consequence that the space-time Fourier analysis is accomplished. Further, seasonal variations of the planetary scale wave modes will not all be fully captured because there is no continuous latitudinal coverage.
3 Analysis method: windowed space-time spectral analysis of satellite data
To derive space-time spectra from the asynoptically sampled satellite data we follow the method described in Ern et al. (2008) . The data are arranged into latitude/altitude bins. For the so obtained longitude/time-series for each of the bins a two-dimensional Fourier transform can then be carried out, resulting in zonal wavenumber/frequency spectra. Since satellite data are sampled asynoptically, i.e. are not given on a regular longitude/time grid, simple two-dimensional fast Fourier transform (FFT) cannot be applied. For a more detailed discussion see Salby (1982a,b) . In our approach we use a least-squares method, similar to the one by Wu et al. (1995) , to derive amplitudes and phases of the independent space-time Fourier coefficients for each of the latitude/altitude bins. In order to investigate temporal variations of the spacetime spectra, we subdivide the whole data set into nonoverlapping time windows and carry out a windowed spacetime Fourier analysis instead of analyzing the data set as a whole. A time window length of 31 days is used, which accounts for the seasonal variations expected in the data analyzed and at the same time provides good spectral resolution of the space-time spectra. But different from Ern et al. (2008) , which is focused on the analysis of equatorial wave modes, we do not calculate symmetric and antisymmetric spectra with respect to the equator for a given altitude. Instead, the spectral analyses for each latitude and altitude are used without averaging.
SABER temperatures
One part of our analysis is based on SABER version 1.06 temperature data. The SABER instrument onboard the TIMED satellite measures temperatures and several trace gases from the tropopause region to above 100 km (e.g. Mlynczak, 1997; Russell et al., 1999; Yee et al., 2003) .
Space-time spectra are calculated from residual temperatures for the latitudes from 80 • S to 80 • N in 4 • steps, according to the horizontal sampling distance of about 500 km along the satellite track. Due to the orbit geometry of the TIMED satellite zonal wavenumbers up to 6-7 and frequencies up to 1 cycle/day can be resolved by the asynoptic sampling. The SABER data used are given on fixed geometric altitudes from 15 km to above 100 km in 1-km steps. However, it should be kept in mind that the vertical resolution of the SABER instrument given by the instantaneous vertical field-of-view is about 2 km, i.e. somewhat worse.
The SABER instrument covers all local times due to the precession of the TIMED satellite orbit with a cycle period of about 60 days. Every 60 days SABER changes from a northward viewing towards a southward viewing measurement mode and vice versa. The latitudinal coverage is about 50 • S-80 • N in the northward viewing and about 80 • S-50 • N in the southward viewing measurement mode. This means that only the latitude range 50 • S-50 • N is covered continuously and therefore only shown in Fig. 3 in Sect. 4. Because both ascending and descending parts of the satellite orbit are available for SABER temperature data derived from the 15 µm CO 2 emission space-time spectra of residual temperatures can resolve frequencies of up to 1 cycle/day.
Because the SABER data are a very comprehensive data set SABER space-time spectra are well suited for a comparison with SCIAMACHY space-time spectra to investigate effects of the different sampling, as well as differences arising from the measurement of different limb emissions (SCIA-MACHY: OH layer vs. SABER: optically thin CO 2 emissions) which could bring about different observational filters and thus different responses to atmospheric waves.
SCIAMACHY heating rates
The other part of our analysis is based on space-time spectra calculated for chemical heating rates derived from SCIA-MACHY hydroxyl nightglow data using the same 31-day time windows as for SABER. Both SABER and SCIA-MACHY analyses cover the same time period from August 2002 until December 2006. Due to the orbit geometry of the Envisat satellite also zonal wavenumbers up to 6-7 and frequencies up to 1 cycle/day potentially can be resolved by the asynoptic sampling. However, since nightglow data are only available for the ascending (nighttime) part of the orbit only frequencies of up to about 0.5 cycles/day can be resolved in our analysis.
The SCIAMACHY sampling pattern is not as regular as the SABER sampling pattern because the latitude band where nightglow data are available shifts with season. In addition, there are some missing data and the noise level is higher. Therefore space-time spectra are derived from residual heating rates for the latitudes from 50 • S to 80 • N in 10 • steps. By using larger latitude intervals of 10 • instead of 4 • a higher number of data points enters the spectral analyses for a given latitude and the effects of increased noise and missing data are compensated to some extent.
Due to the different sampling patterns of SCIAMACHY and SABER we do not expect complete agreement between SCIAMACHY and SABER spectra. The latitude coverage M. Ern et al.: Space-time wave analyses of SCIAMACHY and SABER compared of SCIAMACHY is strongly dependent on the season (see Fig. 1 ) and only frequencies lower than about 0.5 cycles/day can be resolved unambiguously (see above). This means that aliasing effects from higher frequency waves will be present. In addition, spectral artifacts due to sampling irregularities will be enhanced (for example, there are data gaps due to calibration measurements during the nighttime part of the satellite orbit). Further, SCIAMACHY measurements are always at about the same local time (about 22:00 GMT during the ascending orbit parts) because the satellite platform is in a sun-synchronous orbit and therefore spectral signatures of tides will be different in SABER and SCIAMACHY spectra. It should be noted that for SCIAMACHY not all latitudetime intervals shown in Fig. 1 are used for spectral analysis. To minimize aliasing effects due to data gaps space-time spectral analyses are carried out only for latitude-time intervals with more than 200 data points. This restriction applies for the single spectra used to calculate the average spectra shown in Fig. 2 as well as for the wave variance distributions shown in Fig. 3. Figure 2 shows average space-time spectra at the equator for both SCIAMACHY residual heating rates (a) and SABER residual temperatures (b). Positive frequencies denote eastward propagating waves whereas waves with negative frequencies travel westward.
Equatorial region
In both SCIAMACHY and SABER spectra the strongest spectral components are at frequencies of 0 and ±1 cycles/day. These components are due to stationary planetary waves and tides as well as their aliases, which show up periodically shifted by one zonal wavenumber and 1 cycle/day (e.g. Salby, 1982a,b) . In the SCIAMACHY spectra these spectral components are even more prominent than in the SABER spectra. Because these strong spectral features also cause stronger aliasing and spectral leakage at higher zonal wavenumbers we cut the zonal wavenumber range of the SCIAMACHY spectra at zonal wavenumber 4, not to distract the reader from the spectral signatures of the other planetary scale waves which are mostly located at zonal wavenumbers ≤4. However, for comparison with the SABER spectral features and to identify effects of aliasing we show frequencies up to ±1 cycle/day, although SCIAMACHY can resolve only frequencies of up to ±0.5 cycles/day unambiguously.
Beneath the strong contributions caused by tides and stationary planetary waves we find in both SCIAMACHY and SABER spectra also strong spectral signatures for zonal wavenumber 1 at frequencies between 0.2 and 0.4 cycles/day, corresponding to periods between 2.5 and 5 days. These spectral signatures are due to equatorial Kelvin waves, which are confined to the equatorial region between about 20 • S and 20 • N. Kelvin waves observed in the lower stratosphere usually have longer periods of about 10 days and also higher zonal wavenumbers occur (e.g. Ern et al. (2008) ). However, the spectral peak due to Kelvin waves shifts with altitude towards higher frequencies and lower zonal wavenumbers (e.g. Garcia et al., 2005) and the periods between about 2 and 5 days observed in the mesopause region are in good agreement with previous findings (e.g. Salby et al., 1984; Garcia et al., 2005) .
The latitude-time distribution of wave variances due to Kelvin waves is shown in Fig. 3a for SCIAMACHY and Fig. 3b for SABER at 87 km altitude. Wave variances are obtained from the single 31-day space-time analyses by applying a band pass filter for zonal wavenumber 1 and frequencies between 0.1 and 0.4 cycles/day (periods between 2.5 and 10 days), i.e. the location of the Kelvin wave peak in the average spectra shown in Fig. 2 . In both SCIAMACHY and SABER distributions we find high Kelvin wave variances only in the latitude band between about 20 • S and 20 • N as expected.
It should be noted that in Fig. 3 for SCIAMACHY the latitude-time coverage is somewhat worse than in Fig. 1 because only latitude-time intervals with more than 200 data points are considered (see above). In addition, for the results shown in Fig. 3 the median spectral background (determined from zonal wavenumbers >2), caused by mesoscale gravity waves not resolved by the satellite sampling, spectral artifacts, and measurement noise, is subtracted for both SCIAMACHY and SABER data to highlight the variations of the planetary scale wave modes discussed here (see also Ern et al., 2008) .
Subtropics
Also shown in Fig. 2 are average space-time spectra at 20 • N for SCIAMACHY (d) and SABER (e). We still find strong spectral features due to tides and stationary planetary waves. In addition, there is another strong spectral feature in the SABER spectrum at zonal wavenumbers 1-2 and frequencies of −0.5 cycles/day. Spectral amplitudes at +0.5 cycles/day are much weaker. This clearly indicates that at 87 km altitude on average we have dominant westward traveling zonal wavenumber 1 and 2 waves with periods of 2 days and shorter. Together with the fact that this spectral peak appears only in the subtropics this is an indication for equatorial Rossby-gravity waves. Rossby-gravity waves are an antisymmetric equatorial wave mode with an amplitude minimum at the equator, high amplitudes in the tropics and subtropics, and amplitudes decreasing again towards higher latitudes.
In Fig. 3d the SABER variances attributed to Rossbygravity waves are shown using a band pass for zonal wavenumber 1 and frequencies between −0.4 and −0.7 cycles/day (periods between about 1.4 and 2.5 days), covering the bulk of the spectral feature shown in Fig. 2d and 2e . And indeed, we find the pronounced latitudinal structure with maxima at about 20 • S and 20 • N.
This spectral signature can also clearly be identified in the SCIAMACHY spectrum. However, since only frequencies of up to 0.5 cycles/day can be resolved unambiguously, the direction (eastward or westward) cannot clearly be determined from the SCIAMACHY spectrum alone. Like for SABER the wave variances determined from SCIAMACHY spectra (Fig. 3c) show the characteristic latitudinal structure, but the latitude-time distribution is much noisier than the SABER variances in Fig. 3d .
Again, the results are in good agreement with previous findings for equatorial Rossby-gravity waves in the mesopause region (e.g. Garcia et al., 2005) . It should be noted that quasi-2-day waves, which are much more prominent in the literature, usually appear at higher latitudes and only around the summer solstices. In addition, the most prominent mode is the westward propagating zonal wavenumber 3. Therefore the observed feature is likely not a quasi-2-day wave.
In both SCIAMACHY and SABER spectra there are also indications for a westward traveling wave, having zonal wavenumber 1 and a period of between about 5 and 10 days (for discussion see Sect. 4.3). In the SABER spectrum there are still indications of Kelvin waves at wavenumber 1 and frequencies between about 0.2 and 0.5 cycles/day. This spectral feature, however, does no longer show up in the SCIA-MACHY spectrum. In Sect. 5 we will investigate whether this is due to the different sampling of SABER and SCIA-MACHY.
Midlatitudes
Finally, Fig. 2g and 2h shows SCIAMACHY and SABER space-time spectra at 40 • N, respectively. Again, strong tidal signatures and signatures due to stationary planetary waves can be found. However, the spectral peak due to equatorial Rossby-gravity waves is no longer present in the SCIA-MACHY spectrum and only weakly indicated in the SABER spectrum, and there are also no more indications of equatorial Kelvin waves.
Instead, a strong spectral peak has appeared at zonal wavenumbers 1-2 and frequencies in the range between about −0.2 and 0 cycles/day. This spectral peak can be found in both SCIAMACHY and SABER spectra. Obviously, this spectral feature is caused by westward traveling long period planetary (Rossby) waves with periods in the range of about 5-30 days. This period range is also in good agreement with the range expected from previous observations (see Sect. 1) .
The wave variances due to Rossby waves are obtained by applying a band pass for zonal wavenumber 1 and frequencies between −0.25 and −0.05 cycles/day (periods between 4 and 20 days) from SCIAMACHY ( Fig. 3e) and SABER (Fig. 3f) space-time spectra. From Fig. 3e and f we can see that, as expected, Rossby waves at 87 km altitude mainly appear at mid and high latitudes. Again, the SCIAMACHY latitude-time distribution is much noisier.
Another spectral feature is only visible in the SABER spectrum: There is an additional spectral peak at zonal wavenumber 3 and frequencies of about −0.5 cycles/day. This indicates that also quasi-2-day waves are present in the SABER spectra, but not in the SCIAMACHY spectra. The fact that the quasi-2-day wave signature is not present in the SCIAMACHY data can be explained by the strong seasonality of the quasi-2-day waves which occur mainly during summer solstices. During summer solstices, however, the latitude range covered by SCIAMACHY measurements is shifted strongly towards the winter hemisphere and the latitudes where quasi-2-day waves occur are not observed (see also Sect. 5).
Wave variances due to quasi-2-day waves are shown for SCIAMACHY (Fig. 3g) and SABER (Fig. 3h) . A band pass filter is applied to separate spectral contributions at zonal wavenumber 3 and frequencies between −0.6 and −0.4 cycles/day (periods between about 1.7 and 2.5 days).
Very sharp pronounced peaks of wave variances due to quasi-2-day waves can be identified in the SABER quasi-2-day wave variances (Fig. 3h) especially on the Southern Hemisphere during southern summer solstices. Wave variances on the Northern Hemisphere during boreal summer solstices are also present, but much weaker. In addition, there are indications that during southern summer solstices part of the wave activity can penetrate across the equator and spreads on the Northern Hemisphere.
In the SCIAMACHY latitude-time cross section (Fig. 3g ) we do not find clear signatures of wave variances due to quasi-2-day waves. One reason is that the SCIAMACHY latitudinal coverage is shifted towards the winter hemisphere during the summer solstices. Nevertheless, part of the quasi-2-day waves penetrating across the equator should be visible. However, this quasi-2-day signal is obviously too weak and is masked by spectral noise or spectral artifacts (see also Sect. 5).
SABER analyses sampled with SCIAMACHY measurement locations -the effect of different sampling patterns
Although in Sect. 4 good overall agreement has been found between SCIAMACHY and SABER average space-time spectra, there are still some differences that cannot be explained easily. For example, the Kelvin wave spectral signature at 20 • N is present in the SABER spectrum, but not in the SCIAMACHY spectrum, or quasi-2-day waves at mid latitudes are likely not observed by SCIAMACHY. There are also some spectral features in the SCIAMACHY spectra which are not observed by SABER. To find out whether the observed differences are mainly due to the different SCIAMACHY and SABER sampling patterns or if other reasons apply, we will now perform another analysis. We use the SABER spectral analysis to calculate values of residual temperatures at SCIAMACHY measurement locations. Then the space-time spectral analysis is carried out again for these "artificial" data at SCIAMACHY measurement locations. Differences between the SABER spectra and the SCIAMACHY spectra resulting from the "artificial" data will be mainly caused by the different sampling patterns. The remaining differences with respect to the original SCIAMACHY spectra shown in Sect. 4 will be due to other effects.
The "artificial" spectra resulting from this interpolation of SABER residual temperatures on SCIAMACHY measurement locations are shown in Fig. 2c, 2f , and 2i for the equator, 20 • N, and 40 • N, respectively.
First of all, the "artificial" spectra shown in Fig. 2c , 2f, and 2i have an increased spectral background with respect to the original SABER spectra shown in Fig. 2b, 2e , and 2h. This is as expected because enhanced aliasing and spectral artifacts occur since the SABER space-time analysis is sampled with only the ascending node of the SCIAMACHY measurement grid. In particular, spectral peaks at zonal wavenumber 3 and frequencies of 0.2 and 0.6 cycles/day, which occur in both the original (Fig. 2a, 2d , and 2g) and the "artificial" SCIA-MACHY spectra (Fig. 2c, 2f, and 2i ), but not in the original SABER spectra (Fig. 2b, 2e , and 2h), can most likely be attributed to the irregularities of the SCIAMACHY sampling pattern.
Of course, also aliases of these artifacts occur, for example, at zonal wavenumber 4 and frequencies of about −0.8 and −0.4 cycles/day in both original and "artificial" SCIA-MACHY spectra. However, it should be noted that the strongest spectral artifacts in the frequency range between −0.5 and 0.5 cycles/day occur at zonal wavenumbers 3 and higher. Consequently, the spectral features of most global wave modes, which are at zonal wavenumbers 1 and 2, are only moderately affected.
By comparing "artificial" and original SCIAMACHY spectra with the original SABER spectra we find that part of the differences observed between SCIAMACHY and SABER for the wave modes discussed in Sect. 4 can, indeed, be explained by the different sampling patterns. For example, the Kelvin wave spectral feature, which is still visible in the original SABER spectra at 20 • N (see Fig. 2e ), is strongly suppressed in the "artificial" spectra obtained by resampling SABER with SCIAMACHY coordinates (see Fig. 2f ), just like in the original SCIAMACHY spectra (Fig. 2d) . In addition, the spectral peak due to quasi-2-day waves at zonal wavenumber 3 and frequency of about −0.5 cycles/day is visible only in the original SABER spectra, but not in the "artificial" spectra based on the SCIAMACHY sampling pattern (see Fig. 2f ), as well as the original SCIAMACHY spectra (Fig. 2g) .
This means that most of the differences found between original SCIAMACHY and SABER spectra can be explained with the different sampling patterns. It is also demonstrated that both SCIAMACHY and SABER data give a consistent picture of the global scale wave modes at the mesopause.
Summary and conclusions
We carried out a windowed space-time spectral analysis of chemical heating rates derived from OH nightglow emissions measured by the SCIAMACHY instrument. Since only data of the ascending orbit part is available periods of about 2 days and longer can be resolved unambiguously in the SCIAMACHY space-time spectra. There is also a strong seasonal shift of the SCIAMACHY sampling pattern and there are data gaps, for example, due to calibration measurements carried out during the nighttime part of the Envisat satellite orbit. Consequently, the SCIAMACHY space-time spectra show enhanced aliasing and some spectral artifacts caused by sampling irregularities and measurement noise.
We therefore also carried out the same space-time spectral analysis for SABER temperatures. Since SABER measurements are available for both ascending and descending orbit parts, periods of up to 1 day can be resolved by the sampling pattern. This means that the SABER spectra can be used to identify effects of aliasing in the SCIAMACHY spectra.
In both SCIAMACHY and SABER space-time spectra we find clear spectral signatures due to equatorial Kelvin and Rossby-gravity waves. In addition, at mid latitudes also spectral contributions due to Rossby waves are present in both SCIAMACHY and SABER spectra. Another spectral feature due to quasi-2-day waves at zonal wavenumber 3 and period of about 2 days is only visible in the SABER spectra.
We also derived latitude-time distributions of wave variances from the space-time spectra. In both SCIAMACHY and SABER wave variances the expected characteristic latitudinal structure of the Kelvin waves with an equatorial maximum is clearly visible. Also the Rossby-gravity waves show the expected equatorial minimum and maxima in the subtropics. In both SCIAMACHY and SABER analyses Rossby wave variances are enhanced at mid and high latitudes.
Quasi-2-day waves are visible only in the SABER wave variances and not in the SCIAMACHY longitude-time distribution. This is mainly caused by the fact that quasi-2-day wave activity has maxima always on the summer hemisphere around the summer solstices and the SCIAMACHY latitudinal coverage is shifted towards the winter hemisphere during these periods.
By sampling residual temperatures derived from the SABER space-time spectral analyses with the SCIAMACHY measurement locations and times we find that most of the differences between average SABER and SCIAMACHY spacetime spectra can be explained by the different sampling patterns. In particular, the strongest spectral artifacts are located at zonal wavenumbers of 3 and higher.
Together with the fact that most wave activity in the mesopause region is at zonal wavenumbers 1 and 2 this means that, in spite of the reduced information provided by the SCIAMACHY spectra as a result of the reduced sampling, the spectral contributions of most of the wave modes present in the mesopause region are only moderately affected by spectral artifacts and valuable information can be obtained from the SCIAMACHY spectra. Our analysis shows that both SCIAMACHY and SABER data sets give a consistent picture of the wave modes in the mesopause region. Because the SCIAMACHY measurement grid is more regular since mid 2005 even better results can be expected in future when further years of data will be available for spectral analysis.
